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Laser Surface Processing on Anodic Aluminum Oxide
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Abstract To solve the problem of laser surface processing not forming high-chromatic-aberration and high-contrast
black patterns on aluminum alloys, a fiber laser machine with a 4-ns pulse width is used to mark 5052 anodic
aluminum oxide (AAQ) alloy at a scanning speed of 130 mm/s, a frequency of 300 kHz, a scanning pitch of
0.005 mm, and a setup power of 27% P,-33% P, (P, is the rated power of the laser). We obtain a black pattern
with a high chromatic aberration and high contrast. The effect of the laser power on the contrast and micro-
morphology of the pattern is studied, and the mechanism of pattern formation by laser surface processing on the
AAOQO is analyzed. Results show that when the laser power exceeds 1.64 W, the laser energy reaches the melting
threshold of aluminum and a pattern is formed on the surface. With the increase of laser power, the contrast
gradually increases. When the laser power increases to 2.13-2.76 W, the AAO surface forms a fine-crack micro-
morphology by melting and evaporation, the macroscopic display is black, and the contrast reaches the maximum.
When the laser power increases to 3.32 W, the surface of the aluminum material melts completely, the fine-crack
micro-morphology disappears, the macroscopic display is grayish white, and the contrast decreases. These results
contribute to further research on the mechanism of laser surface processing on aluminum, which is helpful for
promoting the development of the Internet of Things.
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Fig. 1 Working schematic of laser marking equipment
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* 1 5052 HRGa b By (B 4340, 70)
Table 1  Chemical compositions of 5052 aluminum alloy (mass fraction, %)
Composition Al Mg Fe Si Cr Cu Mn Zn
Content Bal. 2.2-2.8 0.25 0.25 0.15-0.35 0.1 0.1 0.1
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Table 2 Parameters of laser surface processing

Value

Parameter

130
23%,25%,27%,
33%.38%,40% .50 %

Scanning speed /(mm s ')

Setup power /P,

Frequency/ kHz 300
Pulse length/ns 4
Scanning distance/mm 0.005

ik 59 Hh 7%
M Laser point Plus2 3% 2h -l & 3808 /Y
iy 3 2 R A VA AL DR 08 8 WLRICR 18], SR
H Adobe Photoshop #k 1 i J& FE I & Lh 68 43 H7 &£
rt bR 10 DI 5 R bR ac X R FE AR T FRad BB 1Y
X EC AR R AT R
g1l
I, +1,
EAVL I D P 8 DR T el v | N S T R R 3]

2.3

(D

JKPEAE . R AT B AR IC DX R AR G0 DX K BE
FHOX i 22 - R (BB A o PG B4 0) L B g

Fl N v 1) < AR R il 2 P P EA T AR . O
Fm AL B R A R BB S T R T R BB
(SEMD WLEEHE fiy R 11 1 BOWLIE L

3 lEma R 5o

Bt Th 2R 3 5 T E B 2 m
IS FP (107 ) 2 bk 56 0% 13 4% 4 BH
W48k 5052 48 A A AT AL B, R H R R IR
T T R R R DB L K e R R R 1
WL &M IR R 23% P 25% P, 27% P,.33%
P, .38% P, 40% P, .50% P, , S AL4R F 1 4 W64
PG E R T AR E A EIE  ZCRE 2 iR, 4
WOt R R 23% P, B 88 I A /N4 X
SN T 08 BB % B A AR B S  EDE L an#
2Ca) TR s MO E T AR 25 % Py I MOGVEH]
BRI DR B R R B s, e 2
(b) T 7% s B85 2 D HRIE 27% P, ~33% P, i Fl N
B, 28 0 b B AR b R T D IR B A, A 2
() (DR B ET RN 38% P, B, EITE i &
A8 R R IR A s X BE DI 4006 P ~50% Py I,
B B A8 Ry v R o, W 2CH | (@) TR,

3.1

(@) (b) (©) () © ® (®)

K 2

1.25 cm

ARIR T PR A AL 5052 45 & &3O m AL B A9 2 WAk 3. () 23% Py (b) 25% P

(¢) 27%Pos(d) 33%Pos(e) 38% P, () 40%P,y;(g) 50%P,

Fig. 2 Macroscopic displays on surface of 5052 anodic aluminum oxide alloy after laser surface processing with different
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Fig. 4 Micro-morphologies on surface of 5052 anodic aluminum oxide alloy after laser surface processing with different

setup powers. (a) 1.64 W; (b) 1.88 W; (¢) 2.13 W; (d) 2.76 W; (e) 3.32 W; (f) 3.58 W; (g) 4.66 W
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Fig. 5 SEM micro-morphologies of aluminum surface before and after laser surface processing.
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Fig. 6 SEM micro-morphologies of aluminum cross section. (a) Before laser surface processing;

(b) after laser surface processing
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